INTRODUCTION
============

An elderly fall is recognized as a major health problem. It can cause severe injury, such as: fracture or traumatic brain injury, admission to a facility or even death.[@B1] It is well known that increased age is closely related to the incidence of fall. One third of the people over age 65 have experienced fall and half of the people more than age 80 have reported that they have fallen.[@B2] According to a US report, a fall is common among the elderly over 65; 1/3 of whom has a fall history and will eventually live with a lengthy medical treatments.[@B3] In South Korea, 11% of the population was 65 and older in 2006, this number has tripled since 1970 when it was 3.1% of the population (National Statistical Office of South Korea, 2006). Furthermore, this proportion will continue to rise to 29.6%, making falls a major health issue for the elderly. The elderly with a history of falls experience fear due to a possible subsequent fall that could limit their activities and mobility due to poor muscle strength.[@B4]

The known risk factors of fall are age, a previous fall, arthritis, cognitive impairment, dependency for activities of daily living, depression, gait and balance disturbances, medications, muscle weakness and visual and sensory impairments.[@B5],[@B6] According to a guideline by the American Geriatrics Society, 2001, the age who have suffered a fall at least once a year would benefit from the timed \"Up and Go\" (TUG) test.[@B7] Elderly men with a history of repetitive falls should undergo an evaluation for: comorbid disorders, difficulties in mobility, gait and balance issues, lower extremity joint function, mental status, neurologic and cardiovascular function, and visual tests.[@B8]

The \"Chair stand test\" quickly checks the muscle power of lower extremity more easily than an isokinetic dynamometer without special training or equipment by counting the number of standing and sitting on the chair. Jones et al.[@B9] reported that a \"30 seconds Chair stand test\", counting the number of times a client stands up for 30 seconds, is more reliable than an existing test which checks the time one takes to stand for a total of 5 or 10 times. They also reported that 1-RM (repetition maximum) muscle power test result and \"30 seconds stand up test\" have moderate correlation.

The fall risk test protocol of Balance System SD® (Biodex, New York, USA) indicates that the balance ability of subjects as a \"Stability index\" by measuring changes in center of gravity in mediolateral and anteropsterior directions. Finn et al.[@B10] reported that the fall risk test protocol is an available test measuring the balance of the subjects over 50 who have a different abilities of balance.

In this study we are going to check the effect of lower extremity muscle power on balance and fall by doing a survey for elderly dwelling in the community who have made outpatient visits at a university hospital with a history of a fall and physical condition, measurement of lower extremity muscle power and balance index.

MATERIALS AND METHODS
=====================

Subjects
--------

Eighty-six (43 male, 43 famale) subjects were recruited from outpatient of the university hospital who were over 65. The subjects with other factors that could influence a fall such as: stroke, spinal injury or Parkinson disease were excluded. We define \"Fallers\" as the 31 subjects with a history of a fall more than once within a recent year and \"Non-fallers\" as the 55 people who have not fallen within a recent year. Among the \"Fallers\", 20 subjects reported an experience of one fall, 5 subjects with a fall twice and 6 subjects with more than three falls ([Table 1](#T1){ref-type="table"}).

Study design
------------

We carried out a survey for the subjects to evaluate demographic information, fall history, physical condition by checking Short Form Health Survey-36 (SF-36) and physical function. The subjects filled in the questionnaire directly and were given ample opportunity to question to the experimenter at any time. The basic demographic data included: activities of daily living dependency age, height, sex, weight, underlying disease, medication, activity and total number of falls. To assess general the physical condition and physical function, 2 items from SF-36 were quoted. The general physical condition of items were composed 4 questions with 5 rating scale and physical function consists 10 questions with 3 rating scales ([Appendix 1](#APP1){ref-type="app"}).[@B11]

After completing the questionnaire, the \"Chair stand test\" was done to evaluate lower extremity muscle power. The subjects were asked to sit on the chair whose back was 40 cm and settle themselves half of the buttock with straighten back and crossing the wrists in front of chest. And then they would stand up and sit down repetitively foe 30 seconds and count the number ([Fig. 1](#F1){ref-type="fig"}). The tests were conducted 3 times and the results used the averages taken from each test.

To assess the balance function, the falls risk test protocol of Balance System SD® was used and the \"Stability index\" was calculated. The subjects got on a round 55 cm diameter platform connected to a desktop and monitor with eye opened. For the safety of subjects, they are allowed to hold a handle. Each session lasted of 20 seconds, completed a total of 3 times trial and platform was designed to be flexible without fixed state to induce the change of center of gravity therefore we could evaluate the subjects\' dynamic balance function and expressed it as balance measure ([Fig. 2](#F2){ref-type="fig"}). The \"Stability index\" was calculated by a formula described below ([Fig. 2](#F2){ref-type="fig"}) and higher score means poorer balance function.

Analysis
--------

We compared the results from general physical condition, results from the questionnaires checking physical function, the outcome of the \"Chair stand test\" and the \"Stability index\" with \"Faller\" between \"Non-fallers\". And to assess the correlation between lower extremity strength and balance function, a correlation analysis was done between the \"Chair stand test\" and the \"Stability index\" in all the subjects with \"Fallers\" and \"Non-fallers\".

Statistical analysis
--------------------

Statistical analysis was done with SPSS 18.0 Korean statistical program (SPSS Inc., Chicago, IL, USA). For the comparison of the results of \"Fallers\" and \"Non-fallers\", an independent t-test was done. The Pearson correlation analysis was used to evaluate the correlation between lower extremity strength and balance function. A statistically significant p-value is below 0.05 in independent t-test and below 0.01 in Pearson correlation analysis. In the purpose of checking usefulness of prediction of fall and calculating the cut-off value of \"Chair stand test\" and fall risk test protocol of Balance System SD®, we checked the ROC curve.

RESULTS
=======

Comparison of \"Fallers\" and \"Non-fallers\"
---------------------------------------------

According to the questionnaires, scores of general physical health in \"Fallers\" were 40.6±16.7 and there are not significantly different from \"Non-fallers\" whose scores were 41.4±17.8. Also scores checked by the questionnaires asking physical function had no significant difference between \"Fallers\" (67.4±21.8) and \"Non-fallers\" (72.6±17.4). In the \"Chair stand test\", scores of \"Fallers\" were significantly lower than \"Non-fallers\" (p\<0.05) (10.9±4.4) \"Fallers\" and (16.2±4.9) for \"Non-fallers\" and balance measures were significantly higher in \"Fallers\" (3.5±1.3) than \"Non-fallers\" (2.2±0.9) (p\<0.05) ([Table 2](#T2){ref-type="table"}).

Correlation between \"Chair stand test\" and \"Stability index\"
----------------------------------------------------------------

\"Chair stand test\" and \"Stability index\" showed moderate negative correlation among all the subjects including \"Fallers\" and \"Non-fallers\". This result means that higher scores in \"Chair stand test\" are correlated with lower \"Stability index\" (R=-0.576, p\<0.01) ([Fig. 3](#F3){ref-type="fig"}).

ROC curve of \"Chair stand test\" and balance measures
------------------------------------------------------

A area below curve was 0.789, p-value was under 0.05 of ROC curve of \"Chair stand test\" and these mean a fair usefulness in the test (p\<0.05, 95% CI=0.69-0.89) and cut-off value, that was set up at 15 times was checked 61.8% sensitivity and 83.9% specificity. For the balance measure, area under curve was 0.779, p-value under 0.05 and showing a fair usefulness in the test (p\<0.05, 95% CI=0.67-0.88). The cut-off value was checked 61.3% sensitivity and 87.3% specificity established at 3.05 ([Fig. 4](#F4){ref-type="fig"}).

DISCUSSION
==========

Fall prevention is important in geriatric medicine. Evaluation of risk factors for a fall is necessary to select a high risk group who can be the control group for programs on fall prevention. In this study, \"Fallers\" have significantly less lower extremity strength and balance function than \"Non-fallers\". Several studies reporting the association between balance function and fall support our study.[@B12]-[@B15]

Melzler et al.[@B12],[@B13] evaluated the balance function of the elderly in 4 circumstances, with opened eyes and closed eyes using a force platform, with feet apart wide and narrow. In the situation with feet apart narrow, \"Fallers\" had poorer balance compared to \"Non-fallers\" because of the formers\' significantly increased movement of center of center of gravity to mediolateral direction. Caterino et al.[@B14] evaluated the balance function for patients visiting an emergency room by using the TUG test and the force platform. Even though there was no significant association between falls with two tests, the test using the force platform was sensitive to assess falls that occurred within 1 week and the TUG test was useful in checking a fall happened 6 months before. As the former studies, they used force platform to check the movement of the center of gravity in the anteroposterior or mediolateral direction or Berg Balance Scale (BBS), TUG test to assess balance function. But the BBS is time consuming and result of test using force platform is difficult to be understood by subjects.

Therefore this study assesses the balance function by using fall risk test protocol of Balance System SD®. The strengths of this protocol is that the time to evaluate is short because the total 3 sessions were conducted over 20 seconds and the results are displayed as balance measures which are easy to compare with the control group and also easy to explain to the subjects. We can identify the association between balance function and fall by checking the significantly higher Stability index in \"Fallers\" than \"Non-fallers\" (p\<0.05).

According to the formal studies, there were no definite conclusion in the association between lower extremity strength and fall. Melzer et al.[@B12] reported that the strength of an ankle and a knee measured by an isokinetic dynamometer is not significantly different in \"Fallers\" and \"Non-fallers\" even though \"Fallers\" have decreased strength. Skelton et al.[@B16] also found that 20 women who had fallen before had no significant decrease in lower extremity strength than 15 women with no history of fall. But Wolfson et al.[@B17] and Whipple et al.[@B18] reported that \"Fallers\" have significantly decreased lower extremity strength when examined by isokinetic dynamometer than \"Non-fallers\".

In this study we assessed the lower extremity strength by a \"Chair stand test\" and concluded that a decrease in lower extremity strength is associated with increased risk for fall according to result of significantly decreased outcome in \"Fallers\". The \"Chair stand test\" is a simple test that can be done in short time without any other equipment or specific skill. Therefore it can be the useful screening test to predict the risk of fall in the elderly.

We found that there is moderate negative association between \"Chair stand test\" and \"Stability index\" in the association analysis (R=-0.576, p\<0.01). Increased Stability index means a poorer balance function. This study demonstrated that increased lower extremity strength is associated with better balance function. The ROC curve for the \"Chair stand test\" and \"Stability index\" showed that the area under the curve was 0.789, 0.779 each and p-value was lower than 0.05. These results showed that these test are useful in predicting falls in the elderly and that the \"Chair stand test\" must be included as the screening test for falls risk evaluation for the elderly. In the \"Chair stand test\", the sensitivity was 61.8% and specificity was 83.9% when we set the cut off value as 15 times. In the \"Stability index\", if the cut off value was 3.05 then sensitivity was 61.3% and specificity was 87.3%. More subjects are needed to verify this result but these results can be used to predict the risk of a fall.

It is also known that comorbid disorders which can influence balance are risk factors in the elderly.[@B19] In this study we tried to control this factor and reduce the errors by excluding subjects with disease in central nervous systems like spinal cord injury, stroke, and Parkinson\'s disease which can influence balance and cause urinary incontinence.

Cumming et al.[@B20] reported that 3 items with physical function, mental health and physical pain from Falls Efficacy Scale (FES) and SF-36 have significant correlation. But in this study 2 items with general physical status and physical function from SF-36 have higher scores in \"Fallers\" than \"Non-fallers\" but are not significant. All 5 questions about the general health status were subjective and the 5 rating scale system made it difficult to answer. Questions about physical function have a limitation that they can be difficult to measure the muscle power or balance power specifically. These limitations make the questionnaire fail to show the significant result in evaluating the risk of a fall and other further tests need to be developed that assess the lower extremity strength or balance function.

We have to acknowledge some limitations of this study. First, for the safety of the subjects, all of them carried out the test with holding in the strap. This can affect the result by adding the stabilization of upper extremity function. In future research this should e corrected. Second, existing reports performed an examination 5 times and used their average value to assess balance function using Balance System SD®[@B10] but we executed the examination 3 times. Even though the standard deviation was not big, it could affect the reliability of the study. Third, we only recruited the subjects who visited the hospital. The elderly who live in the community without specific disease must be included in a future study. Finally, there is a lack in the analysis of association between \"Chair stand test\" and manual muscle testing which has been used widely before. We also did not include a test that must be done to assess the balance in sitting position thus we failed to evaluate the balance function in sitting position. In additional future studies, more specific tests such as manual muscle testing or an isokinetic dynamometer must be done to compare the result and to assess the balance function in sitting position. The \"Chair stand test\" is still under investigation to figure out the exact mechanisms of the test and these results can support the association between the test and the risk for a fall.

CONCLUSION
==========

We executed the questionnaires asking about the general health status and physical function and \"Chair stand test\" to assess lower extremity strength and \"Stability index\" of fall risk test protocol of Balance System SD® to check the balance function for the aged over 65 who visited as an outpatient of university hospital. The \"Chair stand test\" showed that \"Fallers\" have significantly lower score and \"Fallers\" are significantly higher in the \"Stability index\". The \"Chair stand test\" and the \"Stability index\" have a moderate negative association so we can conclude poorer lower extremity strength is associated with higher risk of fall. Both the \"Chair stand test\" and the \"Stability index\" showed fair the area under curve and had a significance that proved the useful in the prediction of a fall. The \"Chair stand test\" is simple and doesn\'t need a skilled examiner or specific equipment without limitation in the space than the measurement of move of center of gravity by using the force platform or isokinetic dynamometer, so that it can be the useful screening test to predict the fall of the old. In the future studies, errors must be reduced, including the community dwelling healthy elderly and compare the existing test.

A self-assessment questionnaire including basic information of subject, frequency of fall, and selected items from SF-36. SF-36: Short Form Health Survey-36.
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General Characteristics of Subjects
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Results of Questionnaire, and Lower Limb Strength and Balance
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Values are means±standard deviation

GH: General health item of SF-36, PF: Physical function item of SF-36

^\*^p\<0.05 with independent t-test
